Background: Currently, there is a debate as to whether triple negative breast carcinoma (TNBC) has a worse prognosis than non-TNBC. Our aim was to determine whether TNBC is a prognostic factor for survival.
chemotherapies [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Liedtke revealed that patients with TNBC have increased pathologic complete response rates (pCR) compared with non-TNBC patients, and those with pCR have excellent survival [3] . Liedtke also demonstrated that patients with residual disease after neoadjuvant chemotherapy have significantly worse survival if they have TNBC compared with non-TNBC, particularly in the first 3 years. Because these studies were done in the other countries, their findings might not apply to Taiwan. In this study, we sought to determine the risk associated with TNBC in Taiwan.
Therefore, the aim of this study was to determine the prognostic significance of TNBC with respect to disease-free survival (DFS) and overall survival in a group of homogeneously-treated Taiwanese breast carcinoma patients.
Methods
Patients were identified from the databases of the cancer registry at Changhua Christian Hospital, which is located in central Taiwan. Data collection for cancer in this medical center began in 1986 and continued until 2009. The well-trained case managers used the registry software and collected uniform information about all patients with breast cancer who had been examined at least once as outpatients or inpatients in the daily clinical service. This study was approved by the institutional review board of Changhua Christian Hospital (IRB number: 080325). The baseline data included demographic characteristics (e.g., age), tumor characteristics (e.g., tumor size, positivity of lymph node, metastasis, grade, pathologic stage, ER/PgR/ HER2 information and histology). Patients with ductal carcinoma in situ only were excluded. The data underwent a variety of editing checks and procedures, so as to omit duplicate records. The quality of the cancer registry database was reviewed and approved by the committee, which consisted of radiologists, oncologists, pathologists, surgeons and epidemiologists with special expertise in breast cancer.
Tumor size was determined on the basis of pathological reports from the Changhua Christian Hospital. The Bloom-Richardson grading system was used for tumor grading. This grading scheme is based on three morphologic features: degree of tumor tubule formation, tumor mitotic activity, and nuclear pleomorphism of tumor cells. Seven possible scores are condensed into three Bloom-Richardson grades: I, II, or III. Staging in this study was presented by the American Joint Committee on Cancer stage group.
Immunohistochemistry (IHC) analysis was performed on formalin-fixed, paraffin-embedded breast cancer tissue. The ER and PgR analysis was based on a IHC assay, in which a report of 10% or greater of cells that had nuclear staining for ER was considered a positive result as well as PgR. IHC was performed with anti-ER (NeoMarkers, clone: SP1, dilution: 1:200, Fermont, California) and anti-PgR antibody (NeoMarkers, clone:SP2, dilution: 1:250, Fermont, California) by an autostaining system (Ventana Medical Systems, Tucson, Arizona).
Breast cancer tumors were classified as HER2-positive if they demonstrated HER2 gene amplification using the fluorescence in-situ hybridization method, or were scored as 3+ by an IHC method. HER2 IHC only used cell membrane localization to interpret (Dako, Carpinteria, California). The intensity of the membrane staining was defined by a semiquantitative score (0 to 3+). Tumor staining was compared to staining of normal breast epithelium from the same patient as a negative control. For clinical purposes, 3+ staining, defined as uniform and intense membrane staining in more than 30% of invasive breast cancer cells, was considered overexpression. No staining or weak incomplete membrane staining was considered a negative result.
Data used for analysis were derived from the cancer registry database of women with breast cancer who were diagnosed between 2002 January and 2006 December. Data for analysis started from 2002, because there was a lack of information on HER2 in patients before 2002. DFS was defined as freedom from breast cancer recurrence or breast death. Overall survival was defined as freedom from breast cancer death or other causes of death.
Postoperative adjuvant therapy has been performed based on the recommendation of NCCN or St. Gallen guidelines with anthracycline-based regimens (in this study mostly FEC therapy: 5-FU 500 mg/m 2 , epirubicin 75-90 mg/m 2 , cyclophosphamide 500 mg/m 2 ) as chemotherapy. Taxanes (paclitaxel, docetaxel) were added to follow FEC therapy in few high risk patients.
The patient group included 1,048 females with an average age of 51.8 years (standard deviation [SD] = 11.9 years). Data are expressed as mean ± SD for continuous variables. Independent t tests were used for the comparison of continuous variables. Categorical variables were normally tested by the χ 2 test when appropriate. All p values are two-tailed; a p value of less than 0.05 was considered to indicate statistical significance.
We used Cox proportional hazard analysis to assess the risk of recurrence or mortality relative to the prognostic factors in breast cancer cases. Cumulative survival rates of breast cancer cases were analyzed by the Kaplan-Meier method. The differences of cumulative survival were assessed using the log-rank method. All statistical analyses were performed with SAS 9.1 software.
Results
Eighty-two (7.8%) patients died for cancer-related reasons during their follow-up, up to 31, December 2007. Five (0.48%) patients died for non-cancer-related reasons. The average follow-up time was approximately 40 months. One hundred and sixty-seven patients (15.9%) had TNBC and the remaining 881 patients (84.1%) were defined as non-TNBC. There was no distributional difference of adverse prognostic factors between the two groups, except lymph node, and grade (Table 1) . Seventy-one cases with recurrence of breast cancer were considered as the events. The univariate analysis for prognostic factors associated with 5-year DFS revealed that the tumor group, whether TNBC or non-TNBC, as well as age and menopausal status, was not statistically significant ( Table 2 ). The univariate analysis for prognostic factors associated with 5-year overall survival revealed that the tumor group as TNBC or non-TNBC was statistically significant, in addition to age, tumor size, lymph node, metastasis, grade, stage, ER status, and PgR status ( Table 2) .
The multivariate analysis for prognostic factors associated with 5-year DFS revealed that the tumor group as TNBC or non-TNBC was not statistically significant. The multivariate analysis for prognostic factors associated with 5-year overall survival revealed that the tumor group as TNBC or non-TNBC was not statistically significant ( Table 3) .
Survival curves are shown in the figures. Figure 1 reveals that TNBC tends to display a worse 5-year overall survival (p = 0.0026) than non-TNBC, using by log-rank analysis. ER-positive and/or PgR-positive and HER2-negative patients had the best clinical outcome, with a 5-year DFS of 80%; ER-negative, PgR-negative and HER2-positive patients (HER2-positive subtype) showed the worst outcome with a 5-year DFS of 45% (Figure 2A ). TNBC has relatively poor prognosis. Figure 3A shows ER-positive and/ or PgR-positive and HER2-negative patients had the best clinical outcome, with a 5-year overall survival of 91%, and the HER2-positive subtype showed the worst outcome, with a 5-year overall survival of 59%.
To investigate the lymph node factor, we analyzed nodepositive and node-negative patients individually. For node-positive patients, Figure 2B demonstrates that TNBC breast carcinoma tends to show a worse 5-year DFS, by log-rank analysis, and that ER-positive and/or PgR-positive and HER2-negative patients have the best 5-year DFS (p = 0.0088). For node-negative patients, Figure 2C reveals that the four subgroups do not show a 5-year DFS difference, using log-rank analysis (p = 0.0720).
For node-positive patients, Figure 3B points out that TNBC breast carcinoma patients tend to have the worst 5year overall survival, by log-rank analysis, and that ERpositive and/or PgR-positive and HER2-negative patients have the best 5-year overall survival (p < 0.0001). For node-negative patients, Figure 3C indicates that the four subgroups do not show a 5-year overall survival difference, by log-rank analysis (p = 0.8620).
Discussion
We present the results of the largest Taiwanese study to date that thoroughly investigates the clinical phenotype of TNBC with regard to DFS and overall survival.
Traditionally, breast carcinomas have been classified as hormone receptor-positive or negative. Recently, newer approaches to breast carcinoma classification using geneexpression profiles and IHC biomarkers have identified at least four subtypes [10] . These subtypes are, luminal A (ER-positive and/or PgR-positive and HER2-negative), luminal B (ER-positive and/or PgR-positive and HER2positive), basal-like (ER-negative, PgR-negative and HER2-negative; mostly TNBC) and HER2-positive (ERnegative, PgR-negative and HER2-positive). ER-and PgRnegative tumors are generally thought to have a poor prognosis because of a deficiency of hormone therapy strategies. HER2-negative tumors lack the benefit of HER2-targeted therapy and are thought to imply a worse prognosis, as well [10] ; however, few TNBC data have been reported among non-Western populations. Our data showed that TNBC in Taiwan may have a different meaning than in Western countries. [17] .
Our multivariate Cox regression analysis demonstrated that tumor subgroup (TNBC vs. non-TNBC) was not the prognostic factor for 5-year overall survival These findings were in contrast with those of previous studies [3, 5, [12] [13] [14] 20] . Liedtke reported that decreased 3-year overall survival was observed for patients with TNBC, compared with non-TNBC (3-year overall survival rates: 74% vs. 89%; HR = 2.53; 95% CI, 1.77 to 3.57; p < 0.001) [3] . In addition, our results are consistent with those from other studies with respect to prognostic factors for overall survival [16] . Kim reported that basal-like carcinoma, mostly TNBC, did not show survival difference between other subgroups, except the HER2-positive subgroup.
To further study the lymph node factor, we stratified patients into node-positive and node-negative groups. In node-positive patients, TNBC breast carcinoma tended to demonstrate the worst 5-year overall survival by log-rank analysis ( Figure 3B) , and ER-positive and/or PgR-positive and HER2-negative patients had the best 5-year overall survival (p < 0.0001). Figure 3C shows four subgroups of node-negative patients that did not reveal a 5-year overall survival difference by log-rank analysis (p = 0.8620). Our results are in contrast to those of a previous study by Rakha, which reported that both univariate and multivariate analyses showed basal phenotype, mostly TNBC, was the only significant and independent prognostic marker in the node-negative patients [10] .
Contrary to our supposition, our data in multivariate analysis showed that tumor subgroup (TNBC vs. non-TNBC) was not a prognostic factor for DFS. This study also revealed ER-positive and/or PgR-positive and HER2-negative patients had the best 5-year DFS, and the HER2-positive subtype showed the worst 5-year DFS. These findings were consistent with those of a previous study [6] . Meanwhile, our results contrast with those from other studies in terms of prognostic factors for DFS [3, 4, [12] [13] [14] 20 ]. Liedtke reported that in multivariate analysis, a significantly decreased progression-free survival was observed for patients with TNBC compared with non-TNBC at the seventh year [3] . Yin reported that in multivariate analysis, TNBC had a significantly increased likelihood of recurrence within 2 years after surgery rather than thereafter [4] . Recent studies demonstrated that TNBC tends toward distant metastasis to the bone, soft tissue and viscera [3, 10] . Liedtke reported that TNBC has a higher predilection for visceral metastasis and early recurrence within the first 3 years of follow-up [3] . Statistically, our study did not substantiate a higher predilection of TNBC factor for metastasis. In this study, there was no difference in DFS and a significant difference in overall survival in univariate analysis. This might indicate the difference in overall survival after recurrence. In our study, treatment
Overall survival curves by tumor subgroup Figure 1 Overall survival curves by tumor subgroup. Triple negative breast cancer (TNBC) tended to display a worse 5-year overall survival (p = 0.0026) than non-TNBC, by log-rank analysis. Disease-free survival (DFS) curves according to patient group Figure 2 Disease-free survival (DFS) curves according to patient group. A, among 1,048 patients, ER-negative and PgR-negative and HER2-positive breast carcinoma tended to display the worst 5-year DFS, by log-rank analysis; ER-positive and/or PgR-positive and HER2-negative patients had the best 5-year overall survival; p < 0.0001. B, in the node-positive patients, TNBC tended to display a worse 5-year DFS by log-rank analysis; ER-positive and/or PgR-positive and HER2-negative patients had the best 5-year DFS; p = 0.0088. C, in the node-negative patients, four subgroups showed no 5-year DFS difference by log-rank analysis; p = 0.0720. We followed up the node-negative HER2-positive patients up to 48 months. ER, estrogen receptor; PgR, progesterone receptor; HER2, her2/neu gene over-expression. after recurrence was based on NCCN or St. Gallen guidelines and multidisciplinary care discussions. Most patients who have a recurrence after breast conservation therapy were given completion mastectomy and adjuvant systemic chemotherapy.
In node-positive patients, our data supported the tendency of TNBC breast carcinoma to show a worse 5-year DFS, by log-rank analysis ( Figure 2B) . These results contrast with those from a previous study [10] . In node-negative patients, our results revealed that the four subgroups showed no difference in 5-year DFS or in 5-year overall survival. However, these results contrast with those from previous studies [10, 21] . Rhee in Korea demonstrated that triple-negativity was an independent predictor of shorter relapse-free survival [21] . Table 1 in this study demonstrates that TNBC had a higher ratio of lymph node-negative patients than non-TNBC. This may explain why sometimes in our analysis the TNBC group was better than the HER2-positive subgroup.
However, the heterogeneity of TNBC, follow-up time, case number and other limitations may also explain the differences between our conclusions and those of previous studies. Research into the heterogeneity of TNBC, new neoadjuvant regimens and more molecular-based TNBC classification studies could give us more information about the optimal therapies for TNBC subgroups. Liedtke et al. followed their patients to the 7th year, Yin to the 11th year, and Cheang to the 15th years [3] [4] [5] . A longer follow-up period may yield different results.
In our study, the TNBC rate was 15.9%, which is similar to reports from Korea and Carolina [16, 18] , but lower than other reports [3] [4] [5] [6] 12, 21] . The race factor could contribute to the difference. Carey also reported that the TNBC subtype has a higher incidence in pre-menopausal African-American women (39%), compared to non-African-American women of any age (16%) and post-menopausal African-American women (14%) [18] .
This study revealed TNBC and non-TNBC patients displayed a similar distribution of clinico-pathological characteristics, such as age, tumor size, metastasis and stage, in contrast to other Western studies [3, 10, 15, 19] . These previous reports indicated that TNBC was associated with a larger size, and therefore had a poorer outcome than non-TNBC in terms of DFS and overall survival. In our study, overall survival rates between these groups were statistically different in univariate analysis. This result may be related to lymph node, as mentioned. On the other hand, a higher grade was observed in our TNBC patients. In spite of this finding, the DFS for the TNBC subgroup was not statistically different from that of the non-TNBC subgroup, in contrast to earlier studies [3, 6, 17] .
In our study, all of the data inferred that HER2 status added prognostic information for hormone receptor-positive breast cancer patients, confirming that luminal B tumors constituted a poor outcome compared to luminal A tumors, in accordance with other studies [5, 6, 22] . In Taiwan, adjuvant trastuzumab targeted therapy was rarely used before 2006 in the HER2-positive subtype, due to the medical insurance policy, which may have contributed substantially to the worst overall survival. Some research about epidermal growth factor receptor (EGFR) is interesting, and may provide another possible answer for the question of TNBC prognostic value [5, 11, 23] . Cheang reported that the expanded surrogate of PgR, HER2, EGFR, and cytokeratin 5/6 indicate a more specific definition of basal-like breast cancer, mostly TNBC, which better predicts breast cancer survival [5] . Cheang also showed that the core basal group has 1.62 times greater risk for breast cancer-specific death, whereas the non-core basal group does not have a clinically significant risk [5] . Siziopikou reported that because the majority of TNBC patients express EGFR, the subgroup may derive benefit from EGFR-targeted therapies [11] .
Conclusion
In conclusion, our study indicates that TNBC tends to display a worse clinical course. Notably in node-positive patients, TNBC does play a prognostic role in overall survival. In Taiwan, new strategies of chemotherapy and targeted therapy should be investigated for patients with TNBC.
